Invasive species can significantly affect local biodiversity and create important challenges for conservation. They usually present an outstanding plasticity that permits the adaptation to the new environments. Understanding their genetic background is fundamental to better comprehend invasion dynamics and elaborate proper management plans as well to infer population and evolutionary patterns. Here, we present a reasonable set of tools for the study of a highly invasive earthworm, the megascolecid Amynthas corticis. We designed in silico a large set of primers targeting microsatellite regions (ca. 9400) from two low coverage genomes presented here. This study provides 154 high quality primer pairs targeting polymorphic repeats conserved in two Amynthas corticis mitochondrial lineages. From this dataset, a set of primer pairs (15) was validated by polymerase chain reaction with 86% consistent amplification, confirming the accuracy of the in silico prediction. Nine of the primer pairs tested were selected for population genetics and presented polymorphism in the studied populations, thus showing promising potential for future studies of this global invasive species. The nuclear markers used in this study appear to recapitulate and complement the mitochondrial relationships found in a previous study. Interestingly, all genotyped individuals showed at least one triploid locus profile among the tested loci, which may be evidence of polyploidy associated to their life history, in particular to asexual reproduction by parthenogenesis.
Biological invasions are a major concern within the present globalisation context and invasive species pose a challenge for conservation. Alien terrestrial invertebrates have significant ecological and economic impacts on ecosystem services (Vila et al., 2010) and introduced earthworms can modify soil structure and nutrient dynamics (Hendrix et al., 2008) as well as affect native populations (Hendrix et al., 2006) . Genetic studies are needed in order to understand invasion patterns and create management policies. Amynthas corticis is a highly invasive earthworm with Eastern Palearctic origin that has shown to tolerate a wide range of environmental factors (Fragoso et al., 1999) and has been introduced worldwide (Hendrix et al., 2008) . In a previous study, three mitochondrial lineages with different environmental preferences were detected within Azores Islands (Portugal), two of which were introduced and one with unknown origin (Novo et al., 2015) . Here, we present a large set of microsatellite regions (9380) generated from genomic data, 154 of which are conserved across lineages and potentially polymorphic. By testing a subset, we showed that the in silico prediction could work with 86% efficiency (13/15). These microsatellites would be a valuable tool for future studies on this species in order to better understand its invasion dynamics. Different lineages of invasive earthworm species are known to present different environmental preferences (Novo et al., 2015: A. corticis and A. gracilis) . Therefore, genotipying should be used in order to unravel the invasion patterns in such species, since the study at species level overlooks important information. After a basic understanding of such lineages and associated environmental conditions, the gathered information could serve for prediction of future habitat colonization and even bioindication of certain ecological characteristics of the environment. This allows inclusion of mitigation/prevention measures in conservation management plans (e.g., soil import, country backlist, etc) depending on species biological invasion potential. Furthermore, such measures are crucial for avoidance of further invasion and potential disruption of eco-functional and demographic processes on local native earthworm populations, in particular for endemic regions and delicate ecosystems.
Microsatellites allow the study of genetic diversity and its spatial structure at a finer scale than mitochondrial markers in earthworms (Novo et al., 2010) , for whose distribution environmental soil microvariables are known to be of great importance (Joschko et al., 2006; Palm et al., 2013) . They also permit the evaluation of admixture of lineages and ploidy level of specimens (e.g. Hänfling et al., 2005; do Prado et al., 2017) .
We assembled genomic information of A. corticis from two of the lineages identified in Novo et al. (2015) in Azores (Portugal), namely lineages A and C. Both type specimens used in this study were obtained from pasture fields (Lineage A: 37.76604, −25.62494; Lineage C, 37.76369, −25.53497) located on São Miguel Island (Azores archipelago, Portugal), and the tissue sample was deposited in Cardiff University. DNA was sheared, Illumina adapters were ligated, libraries were controlled for quality, normalized, pooled and ran on a Hiseq 2500, in rapid run mode (paired-end 150 bp). Contigs used for the microsatellite mining were de novo assembled using SOAPdenovo v.2 (Luo et al., 2012 ) using short-reads. These draft genomes are available from the European Nucleotide Archive (ENA) under the study number: PRJEB20839. Lineage A genome assembly (sample accession: ERS1735863) yielded a 1.2 Gb total base pair reconstruction, with a n50 of ∼600 bp and ∼3 million contigs. Lineage C assembly (sample accession: ERS1735864) showed a smaller size reconstruction yielding a 0.85 Gb of total base pair reconstruction, n50 of ∼400 bp and ∼2.9 million contigs. The genome draft assembly reconstruction sizes were higher 2.1 times for lineage A and 1.5 times for lineage C when compared to the estimated genome size using flow cytometry measurements of coelomic cells (570 Mb, data not shown). Higher in silico genome size than estimated haplome is not uncommon and is usually associated to high genome heterozygosity that makes the assembly process more fragmented (Zwarycz et al., 2016) . Microsatellite regions were identified and primers were designed using PrimerPipeline package (http:// www.scrufster.com/primerpipeline/ [last date accessed: 10.03.17]) as implemented in Macdonald et al. (2016) which incorporates the microsatellite mining tool, MISA (Varshney et al., 2002) and Primer3 (Untergasser et al., 2012) . Tables with the recovered microsatellite regions for the two studied lineages (4677 for lineage A, and 4703 for lineage C) and potential primers are provided in Supplementary files 1 and 2. Conserved cross-lineage primers were assessed in silico using iPCRess (European Bioinformatics Institute, Exonerate package, version 1.2.0) using primers developed in lineage A as input primers to test in lineage C draft genome. This provided 3038 cross-lineage primers pairs (with no base mismatch allowed). Posterior analysis was restricted to primer pairs that would amplify a unique sequence in a unique genomic contig, conserved between the genomes (a total of 159 primer pairs). In silico evaluation (difference between amplifiable products in genomes of both lineages) showed that 97% of these primer pairs could potentially amplify polymorphic loci (154 primer pairs, Supplementary file 3; sequences from both lineages are shown in Supplementary files 4 for lineage A and 5 for lineage C). From this dataset, 15 primer pairs were chosen for assessment of polymorphism in loci, using polymerase chain reaction. Out of the 15 primer pairs, 13 showed consistent amplification (two showed inconsistent multiple band patterns) and polymorphism in preliminary analyses of five specimens representing three mitochondrial lineages and including the individuals from which the low coverage genomes were sequenced. Nine primer pairs were further amplified for a larger set of specimens (see below). The forward primers were tailed with the M13 sequence (TGTAAAACGACGGCCAGT) at their 5′ end and the universal fluorescent-labelled M13 primer was added to the reaction as well (6FAM). See description of the method in Schuelke (2000) .
The utility of the different loci as genetic markers was tested in a panel of 34 individuals coming from different populations and mitochondrial lineages collected mainly in São Miguel Island (Azores, Portugal) but also in Spain, US and China (see Novo et al., 2015;  Supplementary file 6 and Fig. 1A) (15 s)] with a final extension of 10 min at 72°C for A and 7 min for B. Amplified products were first checked on a 1.5% agarose gel and then analysed on the ABI 3730xl DNA sequencer (Applied Biosystems), following the manufacturer's instructions. Resolved PCR products were precisely sized using Genescan Rox 500 size standard and scored in Peak Scanner™ Software 2 (Applied Biosystems). In order to account for genotyping errors (Pompanon et al., 2005) , the samples were analysed twice in the sequencer using two different dilutions. Scoring of alleles is shown in Supplementary file 6. Details of the nine optimised markers are shown in Table 1 . Number of alleles varied between two and sixteen and number of genotypes between two and ten. All the individuals presented three alleles at least in one locus, and therefore this suggests that all the genotyped individuals were triploid. This evidence of polyploidy supports the idea that the genotyped individuals of this species reproduce asexually by parthenogenesis. This mode of reproduction presents fitness advantages that may promote colonization and maintenance of stable populations in new environments due to the capacity of a single organism to establish an entire population (Hughes, 1989; Terhivuo and Saura, 2006; D & az Cos & n et al., 2011) . Indeed, Novo et al. (2015) suggested a higher invasiveness of A. corticis in Azores when compared to A. gracilis (diploid with sexual reproduction). The analysis of such polyploid data is challenging but GenoDive (Meirmans and Van Tienderen, 2004 ) allows for a correction of the unknown dosage of alleles. This correction uses a maximum likelihood method based on random mating within populations, modified from De Silva et al. (2005) . Heterozygosity was calculated per locus and is shown in Table 1 . Since individuals from outside Azores were just included for testing the amplification success, and the numbers were low, we focused for further analyses just on the Azores individuals. In order to test genetic structure and compare it with the information given by mitochondrial markers (Fig. 1B) we performed a Principal Component Analysis (PCA) in GenoDive. The results revealed that genetic structure was not dependent on population origin but on mitochondrial lineage (Fig. 1C) . G'st (Nei, 1987) were also calculated in order to show differentiation among those lineages, resulting in values of 0.394 between lineages A and B; 0.409 between A and C; 0.266 between B and C. This was further explored with a Bayesian analysis of population structure performed in Structure v2.3.4 (Pritchard et al., 2000 ). An admixture model was used allowing alpha and lambda to be inferred from the data. Structure was independently run 20 times, testing values of clusters (K) between 1 and 7 and using 100,000 steps of burn-in for the MCMC algorithm and 100,000 steps of data collection phase. Evanno et al. (2005) method was implemented in Structure Harvester v0.6.94 (Earl and vonHoldt, 2012) to infer the best value of K, which was K = 3. Clusters showed that the microsatellite data divided the individuals per mitochondrial lineage independent of population. Several individuals from the lineage B and one individual from lineage A showed admixture with the other two lineages (Fig. 1D) . We have presented a large set (ca. 9400) of microsatellite regions predicted from genomic data coming from two different mitochondrial lineages, a subset of potentially polymorphic regions common in both lineages (154) and the associated primers to use them as molecular markers. We have verified that the in silico prediction is accurate since 13 out of the 15 primer pairs tested yielded consistent amplification in Fig. 1 . Results of the analyses for microsatellites of Amynthas corticis. 1A: Sampled populations within São Miguel island (Azores, Portugal). See Supplementary file 6 for number of individuals and tested specimens abroad. The stars represent the populations from which genomic information we designed the primers (lineages A and C). 1B: Haplotype network from mitochondrial data modified from Novo et al. (2015) . Individuals from the coloured haplotypes A, B and C (and HAP-31) were tested for the presented microsatellite regions. 1C: Results for the PCA analysis performed in GenoDive with the new microsatellite data after correction for allele dosage. The individuals are differentiated by mitochondrial lineage (above) and by population (below). 1D: Results of analysis in Structure with the new microsatellite data. Each genotype is represented by a vertical bar. preliminary analyses. Nine of them were further amplified for populations within Azores and some individuals from abroad. We anticipate this could be a very valuable tool for the study of evolutionary and invasion processes of the earthworm A. corticis, which has shown great success in new environments when introduced (Novo et al., 2015) .
